The significance of abnormalities of the electrocardiogram in old age has been assessedfrom a study of 2254 people aged 65 and over liting at home, by an analysis of the frequency of exertional chest pain and of histories ofcardiac infarction, ofmortality over a 3-year period, of certified causes of death, and of abnormalities in the electrocardiogram seen in second records made in one-third of the subjects after an average time of 2I months.
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By comparison with subjects with no codable electrocardiographic abnormality, subjects with Q/QSpatterns, ST-T patterns, including T wave flattening, and 'probable' left ventricular hypertrophy patterns have an increased frequency of exertional chest pain, and an increased mortality. The frequency with which death is certified as due to cardiac causes is also greater. By contrast, subjects with left axis deviation or positional changes ('minor abnormality'), with 'possible' left ventricular hypertrophy, or with left anterior hemiblock alone, do not have an increased mortality.
Study of serial electrocardiograms suggests that the voltage changes of left ventricular hypertrophy may disappear, and that ST-Tpatterns may change to Q/QS or left ventricular hypertrophy patterns.
The signimficance of these findings for the interpretation of electrocardiographic changes in the elderly is discussed.
There is a strong temptation to argue that at least minor changes in the electrocardiogram in old people should not be considered to be manifestations of disease, but rather aspects of ageing, and in consequence of little real importance. There is little factual evidence to confirm or refute this view, though Fox (i949) concluded that an abnormal electrocardiogram may adversely affect prognosis for life in old age. The present investigation continues the study of the electrocardiograms of over 2000 relatively healthy old people living at home (Campbell, Caird, and Jackson, 1974) , and represents an attempt to assess the significance of various electrocardiographic changes in the elderly, from a determination of the associated symptoms, mortality, and likelihood of serial electrocardiographic change.
Methods
The methods of collection of data, and of electrocardiographic recording, coding, and classification have been described (Campbell et al., I974) . Data on the presence Received 25 February I974. or absence of exertional chest pain, and of a definite history of cardiac infarction were taken from the structured questionnaire completed for each participant. Mortality rates were deterniined as follows: the date and certified cause of death were ascertained for each person known to have died between October 1970 and October I973, by examination of copies of the death certificates sent to the Medical Officer of Health to the Burgh of East Kilbride by the registrar, for each person whose address was given as East Kilbride, whatever the place of death.
The mortality in 3 years of subjects with no codable abnormality on the electrocardiogram was determined by a life table method (Merrell and Shulman, I955) , for men and women over and under the age of 75 (Table 2) . A 3-year mortality rate was similarly calculated for each subgroup of subjects with an electrocardiographic abnormality, and from this rate and the number of subjects in the group an estimate was made of the number of deaths occurring by the end of 3 years. The number of deaths expected in 3 years in each subgroup was calculated from its age and sex structure and the 3-year mortality rates of subjects with no codable electrocardiographic abnormality. The ratio of deaths estimated to deaths expected was then determined.
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those of subjects without codable abnormality. Of deaths of subjects without codable electroThe mortality of subjects with various electro-cardiographic abnormality, 28 per cent were certicardiographic abnormalities is shown in Table 3 . fied as caused by cardiac disease (including sudden The ratios of estimated to expected deaths were deaths, cor pulmonale, and deaths certified as less than i for subjects with 'possible' left ven-caused by cardiac failure), 30 per cent to malignant tricular hypertrophy, left anterior hemiblock alone, disease, and 42 per cent to all other causes (Table 4) . and incomplete right bundle-branch block. They The pattern in subjects with minor electrocardiowere greater than I for those with Q/QS patterns of graphic abnormality was very similar, but in those all types (i 8 on average) 'probable' left ventricular with significant electrocardiographic abnormality hypertrophy (3-7) ST-T patterns (I4 for major and twice as many deaths were certified as due to cardiac (Table 6 ). Discussion The present study is in essence a comparison between old people with no codable electrocardiographic abnormality and those with a variety of definable changes, both groups being studied by identical methods. This fact renders less important the limitations of the sample, which have been discussed (Campbell et al., 1974) . It is unlikely that a subject's electrocardiographic pattern would be associated with bias in his answers to a questionnaire, the manner in which these answers were recorded, or the likelihood that he would change his residence, or refuse recall for a second examination.
The questions asked in the present study on exertional chest pain did not correspond exactly to those of Rose and Blackburn (I968) , so that the term 'exertional chest pain' has been used rather than the specific 'angina'. The term 'history of cardiac infarction', undoubtedly includes only more definite instances, usually requiring admission to hospital, than Rose's 'possible infarction'.
The method of ascertainment of death used in the present study is incomplete, since the deaths of those subjects who move from East Kilbride or do not have an address in the town recorded on their death certificates will not be reported, and so will be overlooked. However, the number known to have moved in the three years covered by the study is small, and it is a reasonable assumption that deaths not ascertained for this reason (Table I) , their mortality (Table  2) , and the pattern of their certified causes of death (Table 4) , there is no reason to believe that any of these changes is of itself of prognostic significance in the electrocardiogram of an old person. By contrast, Q/QS patterns are associated with a frequency of exertional chest pain two-and-a-half times greater than 'no codable abnormality', and many more histories of cardiac infarction (Table i) . The mortality of subjects with Q/QS pattems is i -8 times that expected (Table 3 ), a figure of the same order as found by Higgins, Kannel, and Dawber (I965) among people aged 30 to 62 (Table  8 ). The certified cause of death is cardiac in 70 per cent (Table 4) , over twice that of subjects without significant electrocardiographic abnormality. There is less certainty in the significance of the subdivision of Q/QS pattern into the three groups suggested by the Minnesota Code, and here called Q/QSI, 2, and 3. A Q wave duration of 0o03 sec or more is reliably associated with the presence post mortem of a cardiac infarct (Horan, Flowers, and Johnson, 197I) , but such Q waves lead to classification into all three subgroups. Kurihara et al. (I967) found that electrocardiograms with a Q/QSi pattern were more often associated with necropsy evidence of cardiac infarction in old people than Q/QS2 or 3 patterns. It is thus somewhat surprising that in the present study the frequency of symptoms and the excess mortality differs little between the three subgroups, though the data of Higgins et al. (I965) do not suggest any major difference in mortality in younger people.
ST-T patterns are almost as often associated with exertional chest pain as Q/QS patterns (Table i) , though the frequency of histories of cardiac in- ST-T patterns (Table 7) . The reliability of determination of the voltage criteria employed in the Minnesota code is not in any case very high (Elgrishi, Ducimetiere, and Richard, I970) . Kennedy and Caird (I972) suggested that the distinction between the two types of pattern might be significant in the elderly, and the validity of this suggestion has been confirmed. The significance of 'possible' left ventricular hypertrophy patterns remains uncertain.
The number of subjects with individual conduction defects is not large, but it seems that complete left and right bundle-branch block both carry an excess mortality, but that left anterior hemiblock and incomplete right bundle-branch block do not (Table 3) . A great excess of sudden deaths among people with complete left or right bundle-branch block was indicated by Chiang et al. (I970) in a community study, and incomplete right bundlebranch block is commonly thought not to be associated with heart disease. It is unexpected to find that left anterior hemiblock may be of little significance in an old person, since this abnormality is stated to be most frequently caused by coronary heart disease (Rosenbaum, Elizari, and Lazzari, I970) . Further study of a larger group of old people over a longer period is needed to clarify this point.
In conclusion, the present investigation demonstrates the value of application of the Minnesota code to the electrocardiogram in the elderly (Kennedy and Caird, 1972) , and the validity of most of the distinctions it makes possible is also clear. It supports the view that the majority of common electrocardiographic abnormalities, apart from left axis deviation and pure positional changes, and the voltage changes of left ventricular hypertrophy, must be regarded as significant when encountered in an old person. This applies to Q/QS patterns of all types, and to T wave flattening as well as inversion. These changes, however frequent they may be, cannot be disregarded and taken merely as a reflection of ageing. Our thanks are due to the general practitioners of East Kilbride for permission to study patients under their care, to the staff of the Department of the Medical Officer of Health for their untiring assistance with the records, and to Dr. R. D. Kennedy for advice and criticism.
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